Ti^rr ^fc^ORLD INTELLECTUAL PROPERTY ORGAN IZATll 

Jl^I International Bureau 



mm 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
A01N 37/18, A61K 37/00, 37/24 
A61K 37/36, A23J 1/00 
C07K3/00, 13/00, 15/00 
C07K 17/00, C12N 5/00, 15/00 

C12P 21/06 



Al 



(11) International Publication Number: 



WO 93/15608 



(43) International Publication Date: 19 August 1993 (19.08.93) 



(21) International Application Number: PCT/US93/0 1 328 

(22) International Filing Date : 12 February 1993 (12.02.93) 



(30) Priority data: 
836,090 
897,307 



14 February 1992 (14.02.92) US 
11 June 1992(11.06.92) US 



(71) Applicants: REGENERON PHARMACEUTICALS, 
INC. [US/US]; 777 Old Saw Mill River Road, Tarry- 
town, NY 10591 (US). THE REGENTS OF THE UNI- 
VERSITY OF CALIFORNIA [US/US]; 300 Lakeside 
Drive, Oakland, CA 94612-3550 (US). 



(72) Inventors: LaVAIL, Matthew, M. ; 249 Edgewood Avenue, 
San Francisco, CA 941 1 7 (US). STEINBERG, Roy, H ; 
75 Woodland Avenue, San Francisco, CA 94117 (Ub). 
YANCOPOLOUS, George, D. ; 428 Sleepy Hollow 
Road, Briarcliff Manor, NY 10510 (US). 

(74) Agents: MISROCK, S., Leslie et al.; Pennie & Edmonds, 
1155 Avenue of the Americas, New York, NY 10036 
(US). 

(81) Designated States: AU, BB, BG, BR, CA, CZ, FI, HU JP, 
KR, LK, MG, MN, MW, NO, NZ, PL, RO, RU, SD, 
SK, UA, European patent (AT, BE, CH, DE, DK, ES, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI pa- 
tent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, SN, 
TD, TG). 



Published 

With international search report. 



(54) Title: PREVENTION OF RETINAL INJURY AND DEGENERATION BY SPECIFIC FACTORS 
(57) Abstract 

Photoreceptor iniurv or cell death (retinal degeneration) is prevented by the introduction into the living mammalian eye of 

inherited disease. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to 
applications under the PCT. 



the PCT on the from pages of pamphlets publishing imcrnmionul 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BF Burkina Fa so 

BC Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cole d'l voire 

CM Cameroon 

CS * .'/.cctiuslovakia 

CZ (VllIi Republic 

DE Germany 

OK Denmark 

ES Spain 

p| Finland 



FR France 

CA Gabon 

CB United Kingdom 

CN Guinea 

CR Greece 

HU Hungary 

IE Ireland 

IT Italy 

JP Japan 

KP Democratic I^P 1 ^ ^public 

of korca 
KU Republic of Korea 
KZ ka/akbsiiin 
1. 1 Liechtenstein 
LK Sri I ,mka 
Ml Luxembourg 
MC Monaco 
MC Madagascar 
Ml. Mali 
MN Mongolia 



MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

Rt) Russian Federation 

SO Sudan 

SE Sweden 

Sk Slovak Republic 

SN Senegal 

St! Soviet Union 

TO < bad 

TG T»go 

UA Ukraine 

US United Stale* of America 
VN Vicl Nam 



WO93/.5608 - 

PREVENTION OF RETINAL INJURY AND DEGENERATION BY 

SPECIFIC FACTORS 



This application is a continuation-m-par, of United States Patent 
Application Serial No. 07/836,090 filed February H, 1992 which is a 
continuation-in-part of Serial No. 07/69U12 filed April 25, 1991, which is a 
continuation-in-part of Senal No. 07/570,657 ffled August 20. 1990 which rs a 
continuation-in-part of Serial No. 07/400,591 filed on August 30, 1989. 



10 



INTRODUCTION 

The present invention relates to a method of preventing or delaying 
15 retinal degeneration caused by exposure to light or other environmental 

trauma, or by any pathological condition wherein death or injury of retinal 
neurons or photoreceptors occurs. 1. is based on the discovery that specif, 
survival promoting factors, when introduced »to the living mammalian eye, 
prevent damage and degeneration of photoreceptors caused by tight and on 
20 the further discovery that such factors can delay photoreceptor degeneration 
associated with inherited diseases of the retina. 

BACKGROUND OF THE INVENTION 

25 Trophic factors play a major role in neuronal survival and growth 

during development, in addition to the maintenance of differentiated 
neurons. Such factors also appear to play a role in the survival and 
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regeneration of injured neurons in the centra! as well as in the peripheral 
nervous system. 

In mammals, a number of diseases of the retina involve injury or 
degeneration of retina-associated neurons. Trophic factors capable of • 
5 rescuing these neurons may provide useful therapies for the treatment of such 
diseases. 

There is some evidence thai the neurotrophic factor NGF (nerve growth 
factor) enables axonal regrowth of retinal ganglion cells in response to optic 
nerve section. (CarmignotO, e, a!. J. Neurosctence 9 (1989): 1263-1272). 
10 Extracts from pig bram stimulate neurite outgrowth in retinal explants; the 
outgrowth was shown to be due to a factor other man NGF. (Turner, et al. 
Dev. Brain Res. 6 (1983) 77-83). BDNF (brain derived neurotrophic factor) 
purified from brain promotes the survival of retinal ganglion cells in vitro. 
(Johnson, etal. J. Neuroscience 6 (1986): 3031-3038; Thanos, et al. Eur. J. 
15 Neuroscience 1(1989): 19-26.) Other workers have reported that retinal 
ganglion cells could be maintained by extracts from the neonatal superior 
colliculus and that a factor purified from such" extracts promotes the survival 
and growth of retinal ganglion cells in vivo. (Semite, et al. J. 
Neurochemistry 55(1990): 832-303). Moreover, fibroblast growth factors 
20 promote the survival of adult rat ganglion cells after application to transected 
optic nerves (Severs, et al., Neurosci. Let. 76(19871:157-162). 

In addition to the survival of retinal ganglion cells, there is some 
evidence that certain cellular factors may promote the survival and/or 
regeneration of photoreceptors. Photoreceptors consist of rods and cones 
25 which are the photosensitive cells of the retina. The rods contain rhodopsm, 
the rod photopigment, and the cones contatn 3 distinct photopigments, which 



2 



SUBSTITUTE SHEET 



• PC17US93/01328 

resp ond to light and ultimately ^ a neural discharge in .he output ceils 
of ,he retina, the ganglion cells. Ultimately, this signal is registered as a v,sual 

stimulus in the visual cortex. 
_ The retinal pigment eptthelial (RPE) cells produce, store and transport 
5 a varietv of factors that are responsible for .he normal function and survwal o. 
photoreceptors. RPE are multifuncbonal ceUs that transport metaboutes to 
lhe photoreceptors from their blood supply, the chorio capitis of the eve. 
The RPE ceUs also function to recycie vitamin A as it moves between the 
photoreceptors and the RPE dunng ught and dark adaptation. RPE cells also 
w .uncuon as macrophages, phagocytic the rhytlunicaUy-shed Hps of the 
outer segments of rods and cones. Various ions, proteins and water move 
between the RPE cells and the ^photoreceptor space, and these molecules 
uMmately effect the metabolism and viability of the photoreceptors. 

RCS (Royal College of Surgeons) rats, which have an inherited retmal 
15 dystrophy due to mutan, gene expression in the RPE, with secondary 
photoreceptor cell death (Mullen fc UVail, Science 1* CW7**79M01>. 
provide a useful mode! system to study the role o, trophic factors on the 
retaa Using such rats, delay of photoreceptor degeneration caused by the 
„ defect was obtained by the ,ux,aposition of norma! RPE ceUs to the 
20 photoreceptors before their degeneration bo* in experiment chimeras 
(Mullen fcUVall, Science 192 U976V.799-80D and in transplantauon 
experiments(Li & Tur»er,Exp. Eye Res. 47:911*17. I**. In these 
experiments, the "rescue" extended beyond the boundaries of the norma, RPE 
cells These findings suggested the presence of a diffusible factor produced 
25 by the RPE cell, It was subsequent* determined that subrenal or 

intt av,treal Section of basic fibroblast growth factor (bFGF) resulted in 
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■ res cu e mRCS rats <F 3 k t orov 1 ch. et al.. Nature 347 

extensive photoreceptor rescue m reKenera tion from 

• also shown to induce retinal regener 

O990V83-86). Basic FGF was also 

, i, ™ (Park fcHollenberg, Dev. Biol. 134 
the RPE in chick embryos (Park fit 6 n f bFGF were 

Mthough the resuits obtained with unction of bFGF we 
. lapeudc applications of bFGF could be very touted. Given 

As aneXample ' m Jinner retina, and occasional produce a 

invading macrophages in the inner 

• proliferative vitreoretinopathy (Faktorovich, et. al, Nat 
massive proliteraove „. r , ir , 1 lar defect seen in 

„ urrc u unable to remedy one particular aeie 

neurons. t ;„ Rrq rats has been reported 

More limited rescue of photoreceptors in RCS 

f hn^nhate buffered saline (PBS) (Silverman & Hughes, 
with the injection of phosphate buffe . (1990 ,83-86>, 

» — ^TTT^— ----- 

diffe ed ouanntauveiy from ma, obtained using bFGF, i.e. 
20 dieted tome area of ft. needle track. can 
ta the albino rat, normal on vels . g 

cause complete degeneration of photoreceptors. ^ > ^ 

, 1D iden tify survival enhancing factors appear 
5U ch rats as a mode, to iden^ V ^ ^ ^ be 

W6 U with data obtamed using RCS - h ^ ^ 

damage model than can be assessed oy 



CI inCTITt ITC CUCCT 



^ PCT/U593/01328 
WO 93/15608 ^ ^ 

u , i divine dystrophy of the RCS rat. Furthermore, since 
based on the slowly evolving ays* r 

lh e mechanism o f eel, deatn in Ught damage is better defined than tHa, » . * . 
to human diseases. 

5 Using albino rats, U has been determined that a number of agents, 

wh en administered systemically (intraperitoneal*) can be used to 
ameliorate retina! cell death or iniury caused by exposure to light In 
general, exposure to light generates oxygen free radicals and liprd 

peroxidation products. Accordingly, compounds tha, ac, as an— or 
„ s scavengers of oxygen free radicals reduce P™^— & 
Agent s such as ascorbate (Organic e, al, Invesdgauve Ophthalmology 
vLal Science K a**!****, fhmarizine (Edward, et al., Laboratory 
Science 1W a»»**«2) and dimetnyhhiourea (Lam, e, al., Archrves of 
Ophthabnology 108 have been used to ameliorate the 
15 dlaging effects of constant light There is no evidence, however, that these 
wUl act to ameliorate otber form, of photoreceptor degenerate 
aud their administration can generate potency harmful side cts. 
Purmer, these studies are limited because they utiUze system, dehvery. 

20 a parucular factor. It is difficult to assess the amount of agent that ac^ally 
r les the rebna. A large amount of agent must be injected to attarn a 
s „ concentrabon a, the site of the retina. In addihon, system, toxrc 
effects may result from the injection of certain agents. 

Other man the use of bFGF to delay inherited photoreceptor 

• R rs rats there is no demonstrated use of any specrfic 
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photoreceptors, .n copending U. S. appl.cation 07/400^ which is 
incorporated by reference herein, a BDNF jessing done was .sola.ed from 
a retinal cDNA l.brary. Based on that discovery, as well as ft. express^, .or 
fte firs, time of punfied BDNF using recombinant technology, a means was 
5 provided for the use of a purified neurotrophic factor for the treatment o, 
dl5 eases such as re.int.is pigmentosa and other retina! degenerate. As 

neurotrophic and cellular factors, has been demonstrated, providing the f.rs. 
pharmacological means to treat most forms of mherited, age-related or 
environmentally-induced retinal degenerations. 

SUMMARY OF THE INVENTION 

A „ object of the present invention is to provide a method of preventing 
15 injury or death of retinal neurons. 

Another object of the invention is to provide a method of treating 
pathological diseases wherein degeneration of ft. retina occurs. 

ye, another object of the invention is to provide a method of treating 
the living eye prior to or foUowtng exposure ,o light or other environmental 
20 trauma thereby preventing degeneration of retinal cells. 

A further object of the present invention is to provide a method of 
preventing photoreceptor injury and degeneration in the living eye. 

Another object of the invention is to provide a method of protecting 
retinal neurons without the induction of side effects. 

Another object of the invention is to prov.de a method of a.low.ng 
injured photoreceptors to recover or regenerate. 

6 
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Another object of the invention ,s to provide an in vm, assay system for 
assessing the survival-promoting activity of neurotrophic and other cellular 

factors on retinal neurons and photoreceptors. 

These and other objects are achieved by treating the eye with an 

5 effective amount of a neurotrophic factor such as brain-derived neurotrophic 
factor (BDNF), ciliary neurotrophic factor (CNTF), neurorrophin-3 (NT-3) or 
neurotrophin-4 (NT-4), or a ceUuiar factor such as acidic fibroblast growth 
factor (aFGF), basic fibroblast growth factor (bFGF) plus heparin, aFGF plus 
heparin, in.erleukin-1 beta (IL-lp), tumor necrosis factor-alpha (TNF-a) and 

,0 insulin-like growth factor-2 (IGF-2). Similar effects, but to a lesser degree, , 
may be achieved using other neurotrophic or cellular factors that may, alone, 
or in combination with other factors described herein, have therapeutically 
beneficial effects. Such factors include nerve growth factor (NGF), heparin, 
epidermal growth factor (EGF), platelet derived grow* factor (PDGF) and 

15 insulin-like growth factor-1 (1GF-1). 

DESCRIPTION OF THE FIGURES 

FIG. 1 is a histogram illustrating the degree of photoreceptor rescue obtained 
20 using the neurotrophic and cellular factors. 

FIG. 2 is a histogram illustrating the ONL thickness obtained using the 
neurotrophic and cellular factors. 

FIG. 3 is a composite of three light micrographs showing a) control retina 
from a rat no. exposed to light b) control retina from a rat exposed to light 
25 after PBS injection; and c) BDNF-««ted rat retina after exposure to light. 
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u- > m illustrating the degree of macrophage incidence 
FIG 4 is a histogram lLluscraiu 6 

observed ustng the neurotrophic and cellu,ar factors. 
DETAILED DESCRIPTION OF THE INVENTION 

Th e present inven.cn proves tor the utUizahon ot neurotrophic, as 
well as Cher cellular .actors - prevent or rescue P— ^ 

W e>. as other retina, ceiis, including neurons or suppose cells (e.g. MuUer 

; ng Uon cells, amacnne «*■ -~ "* 

it photoreceptors or other retinal cells. Examples 

surg erv,nduced retrnopath.es «~ — « h8hMn tt 
J^H. — those resulting - bodies in .he eye 

lie c «^ ° f Viial Kto0P d e 

20 HTV retinopathy reiated to ** «-* — ^ ^ 

Tvenous or — ocdusion - - — " 

;: ;ia 0 . p— — - - - **** — ^ and 

inherited retinal degenerations. 

Th e .actors which a, uselul in pacing *. — include one or 
25 m ore neuronic .actor such as hrain-derived neurotrophic .actor « 
I rv neurotrophic .actor (CNTF), neurot.oph.n-3 ( NT-3), neu.otroph.n-* 
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(NT-4) or functional derivatives or analogs thereof, or one or more cellular 
factor such as basic fibroblast growth factor (bFGF) plus heparin, acidic 
fibroblast growth factor (aFGF), aFGF plus heparin, leukemia uuub.tory 
factor (LIB, interleukin-1 beta (IL-lf)), tumor neaosis factor-alpha (TNF-a), 
5 and insulin-Uke growth factor-2 (1GF-2), or funcdonal derivatives or analogs 
thereof. Other factors that appears to be effective, but to a lesser extent, 
include nerve growth factor (NCR. heparxn, epidermal growth factor (EGF), 
platelet derived growth factor (PDGF) and insulin-like growth factor-1 (IGF- 
1) A functional derivative of a factor is a compound which is an analog or an 
10 active fragment of the compound or its analog. Combinations of the 
neurotrophic factors and cellular factors may also be used to achieve 

optimum results. 

Each of the factors utilized may be obtained by methods known by 
.hose skilled in the art For example, they may be purified from a natural 
« source. Alternatively, they may be made by recombinant means utilizing 
available sequence data. (See, for examp.e, for CNTF; Masiakowski, et al. I. 
Neurochemistry 57(1991): 1003-1012; NT-3; Maisonpierre, et al. Science 
247(1990): 1446-1451). A recombinant bacteriophage (HG7-2), containing a 
human genomic sequence related to neurotropic was depostted on 
20. August 22, 1991 with the American Type Culture CoUection, 1230, Parklawn 
Drive, RockviUe, Maryland 20852, and assigned accession number ATCC 
75070. 

Of particular suitability in practicing the subject invention are the 
neurotrophic factor, As used herein, neurotrophic factors are proteins 
25 responsible for the development and maintenance of the nervous system. 
Widespread neuronal cell death accompanies normal development of the 
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gating the number of neurons * P^ect » a given target h*> (Berg, 
D K Neuronal DeveiopmentZ^,. 

6tu dies have shown .ha, neuronal ceU death results from *. co.ped.ion 
5 am ong neurons for liminng amoun.s o f survival facto, ("neurotropy 
fac .ors»>. The sonant neuronic fac.ors iden,fied to date are NGF, 
RDNF CNTF, NT-3 and NT-4. 

n a preferred embodiment - - — BDNF * uulized to ,ea, 
any condition which results in in)ury or death of photoreceptors or other 
„ ^-related cells. With the molecular cloning of BDNF, as 

sultan, product and purification of punfed recombinant BDNF a 

Lined * USSM m * p— ■ - — *" 

L of BONP on developing neurons, as well as to cmantify the levels o, 
BDNF in assues by —assay and to local* BDNF in tissuesusmg 
15 irnmunocy— y. Fur—aBDHFcONAwasfoundrnaretrna, 
Ubraryand BDNF mRNA was found to be expressed in adult retinas 
(M aisonpierre, e, a, Neuron, 5C19** SOf^.rsuggesbng product of t 
prot ein in the redna and a possible role for .he factor in promobng retina, ceU 

survival. u 
As described herein, o, the eye with BDNF results in the 

such as light Surprising BDNF does no. cause the influx of macrophages 
lerved when treating me reuna wi.h bFC, Furthermore, BDNF is not 

25 angiogenic or mitogen* properties. 
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In another preferred embodiment, ciliary neurotrophic factor (CNTF) 
is used to prevent or delay photoreceptor degeneration. CNTF, like BDNF, 
effectively protects photoreceptors without macrophage influx and the 
mitogenic and angiogenic properties of bFGF. 
5 In another preferred embodiment, NT-4 is used to prevent 

photoreceptor degeneration. As with BDNF and CNTF, NT-4 effectively 
protects photoreceptors without macrophage influx or any mitogenic or 

angiogenic effects. 

In another emboiment, Ueukemia inhibitory factor (LIF) is used to 

10 prevent photoreceptors from injury. 

In stiU another embodiment, aFGF is used to prevent photoreceptor 
degeneration. This factor, unlike bFGF, appears to provide protection 
without the influx of macrophages observed when bFGF is used. 

In yet another embodiment, bFGF is used in conjunction with a 
15 compound that suppresses the influx of macrophages observed using bFGF 
alone. Heparin appears to be useful for this purpose. Combinations of 
heparin and bFGF prevent photoreceptor injury without macrophage influx, 
and heparin enhances the action of aFGF, as well as bFGF (see Figure 4). 

In another embodiment, other factors such as IL-ip and TNF-a provide 
20 a substantial amount of retinal protection. IL-lfJ however, has been observed 
to cause folding and rosette formation and a somewhat greater incidence of 
macrophages than is observed in control retinas or those protected with 
BDNF or CNTF. Use of TNF-a may also be associated with a slightly greater 
than normal incidence of macrophages. 
25 In additional embodiments, the light damage model may be used to 

evaluate the effect of various survival-promoting factors on the retina. As 

1 1 
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shown herein, the intravital administration of various factors into the eves 
of albino rats enabled the rapid assessment of both the ability of the factors to 
rescue photoreceptors from degeneration and the side effects, such as 
incidence of macrophages, associated with each factor. Although the model 
5 described herein is the albino rat, the eyes of other albino mammals, such as 
mice and rabbits, are also useful for this purpose. 

Although the light damage model has been used previously to assess 
the effect of various agents such as antioxidents on the retina, such studies 
have always been conducted using systemic (intraperitoneal) administration. 
10 As described herein, the intravitreal injection of potential survival promoting 
factors represents a novel method of assessing factors, with several advantages 
over systemic application. The amount of any specific agent that reaches the 
retina can be more accurately determined, since the eye is a round, relatively 
contained structure and the agent is injected directly into it. Moreover, the 
15 amount of agent that need to be injected is minuscule compared to systemic 
injections. For example, a single microliter in volume (about 1 microgram of 
agent) is used for intravitreal injection, as compared to one to several 
milliliters (ten to several hundred milligrams of agent) necessary for systemic 
injections. In addition, the intravitreal route of administration avoids the 
20 potentially toxic effect of some agents. 

According to the present invention, the factors used herein prevent the 
degeneration of retinal cells. It has been further observed that when animals 
that have been exposed to damaging light are returned to normal light, they 
will regenerate their inner and outer segments. Thus, „.e factors of the 
25 present invention are able not only to protect and prevent photoreceptors 
from degeneration, but also to promote regeneration of retinal cells. 

1 2 
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The factors of .he present invenhon can be deiivered to the eve through 
, variety of routes. They may be delivered intraocuiarly, by toptcal 
application to ft. eye or by tabular inaction into, for example the 
leous or subreUnaHtnterphotoreceptor, space. 
5 covered local.v by insertion or injection into the tissue surrounding the eve. 
They mav be delivered systemically through an oral route or by 
subcutaneous, intravenous or intramuscular injecuon. Alternatively they 
may be deUvered by means of a catheter or by means of an implant, wheretn 
su ch an implant is made o, a porous, non-porous or gelatinous materta. 
10 including membranes such as silastic membranes or fibers, biodegradable . 
polymers, or proteinaceous materia!. The factors may be admrrustered pnor 
I the onset o, the condition, to prevent its occurrence, for example, during 
surgery on the eye, or immediately after the onset of the pathological 
condition or during the occurrence o, an acute or protracted condition. 

The factors of the present invention may be modified to enhance their 
abUity to penetrate the blood-retina, barrier. Such modifications may 
taclu de increasing their lipophilic^ by, for example, glycosylate, or 
increasing their net charge by methods known in the art. 

The factors may be delivered alone or in combination, and may be 
20 aehvered along with a pharmaceuhcauy acceptable vehicle. 

vehicle would enhance the stability and/or delivery properties. The 
invention also provides for pharmaceutical compositions containing the 
active factor or fragment or derivative thereof, wh.cn can be administered 
using a suitab.e vehicle such as Uposomes, microparbdes or microcapsules. 
25 ta various embodiments of the invention, it may be useful to use such 
compositions to achieve sustained release of the active component. 
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THea^cf^wMchw^ee^ve^e — of a 
lawon and can b, de KrmI ned b y s«an d a t d cunic^ tec^ues. 

EXAMPLE 1 

Use of Neurc.rop.uc and Ceilu.ar ^ 

Albin o rats o f either the P3« or Spra.ue-Oaw.ey strain were used a. 
, c . Thera^weremain.ainedinacycEcUgh.env.ronmenXU 
10 2-5 months of age. The rats w 

t « . .n in-case illuminance of less than 25 tt cj im ' 
Hr on: 12 hr off a. an m cage ^ t ^ 2 ^ 

before being exposed to constant hght. The ,\ Mm ^. 
of constant Ugh, a. an iUurrunance of f,-c (mos ra^ce,ve 

1^70 ft-c) provided by two 40 watt General Electric W-wlute 
15 l escent bis * a white ref.ec.or tha, was suspended o0=m above the 
Z; the cage. Du^g Ug, rats were manned in transparent 

pol ycarbona,e cages wrth — steel "^^l*** ^ . 

Two days before constant light exposure, rats anesthetiz 
^JZlL — . were imected *— wrth i „ of the vartous 
„ ors .solved in phosphate buffered sahne .PBS) at a concentra^ 

^« ,.nth hhp insertion of a 31 gauge 
SO 1000 nK/Ml. The injections were made with the inseru 
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insertion of a dry needle with no injection. In all cases, the injections were 
made into the superior hemisphere of the eye. 

immediately following constant light exposure, the rats were killed by 
-overdose of carbon dioxide followed immediately by vascular perfusion of 
5 mixed aldehydes. The eyes were embedded in epoxy resin for sectioning at 
1 urn thickness to provide sections of the entire retina along the vertical 
meridian of the eye. The degree of light-induced retinal degeneration was 
quantified by two methods. The first was by measuring outer nuclear layer 
(ONU thickness, which is used as an index of photoreceptor cell loss. A 
10 mean ONL thickness was obtained from a single section of each animal with 
the aid of a Bioquant morphometry system. In each of the superior and 
inferior hemispheres, ONL thickness was measured in 9 sets of 3 
measurements each (total of 27 measurements in each hemisphere). Each set 
was centered on adjacent 440-Mm lengths of retina (the diameter of the 
15 microscope field at 400X magnification). The firs, set of measurements was 
taken a. approximately 440um from the opdc nerve head, and subsequent sets 
were located more peripherally. Within each 440-um length of retina, the 3 
measurements were made at defined points separated from one another by 75 
m using an eyepiece micrometer. In mis way, the 54 measurements in the 
20 two hemispheres sampled representative regions of almost the entire retinal 
secdon. The results obtained with each of the factors tested are summanzed 
in Figure 1. 

The second method of assessing the degree of photoreceptor rescue 
was by a 0-4+ pathologist's scale of rescue, 4+ being maximal rescue and 
2S almost normal retinal integrity. The degree of photoreceptor rescue in each 
section, as based on comparison to the control eve in the same rat, was scored 
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bv four individuals. This method has .he advantage of cornering not only 
,he ONL thickness, but also more subtle degenerative changes to the 
photoreceptor inner and outer segments, as well as spatial degenerative 
gradients within the eye. Data obtained from this method is summarized in 
Figure 2. The number of eyes examined for each factor was 10 or more, 
except for insulin and laminin, which was 6 each. 

RESULTS AND DISCUSSION 

j The data obtained using the light damage model of photoreceptor 

injury .s presented in Figures 1, 2 and 3. Neurotrophic factors BDNF, NT-4 
and CNTF provided a high degree of rescue. The factors LIF, bFGF, aFGF, 
bFGF plus heparin, aFGF plus heparin, TNF-ct, IL-1P, NT-3 and IGF-2 also 
provided a signifrcan. amount of rescue. Notably, all of the factors other 
l5 than bFGF enhanced survival without inducing a high incidence of 

macrophages, as seen in Figure 4 (IL-10 and TNF-a were associated with a 
slightly higher incidence of macrophages). Some factors actually suppressed 
the incidence of macrophages as compared to control retinas 
(retinas in the same animal that were injected with PBS). Such factors 
20 included BDNF, aFGF, and bFGF plus heparin. 

Acidic fibroblast growth factor (aFGF), which had previously been 
reported to be ineffective as compared to bFGF in the RCS rat, was shown to 
provide significant protection of photoreceptors in the light-damage model, 
in addition, the influx of macrophages normally observed with injection, of 
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bFGF were not seen when bFGF was used in combination with heparin, thus 
eliminating a side effect that potentially would have obviated the use of 
bFGF. 

Some degree of rescue, although to a lesser extent, was observed with 
5 heparin, PDGF, NGF, EGF and IGF-1. The present invention is not to 
be limited in scope by the specific embodiments described herein. Indeed, 
various modifications of the invention in addition to those described herein 
will become apparent to those skilled in the art from the foregoing 
description and accompanying figures. Such modifications are intended to 
10 fall within the scope of the appended claims. 
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We claim: 

1. A method of reducing or preventing degeneration of retinal neurons in a 
mammal caused by exposure to light or other environmental trauma 
comprising administering to the mammal, prior to, during or following such 
exposure, a therapeutically effective dose of neurotrophic factor. 

2. The method of claim 1 wherein said neurotrophic factor is brain derived 
neurotrophic factor, ciliary neurotrophic factor, neurotrophin-3, 
neurotrophin-4, or a combination thereof. 

3. The method of claim 2 wherein said retinal neurons are photoreceptors. 

4. The method of claim 3 wherein said administration is intraocular. 

5. The method of claim 4 wherein said administration is into the vitreous or 
into the subretinal (interphotoreceptor) space. 

6. The method of claim 3 wherein said administration is systemic delivery. 

7. The method of claim 6 wherein said neurotrophic factor has been 
modified in such a way as to increase its ability to be transported across the 
blood-retinal barrier. 

8. The method of claim 7 wherein said modification comprises increasing the 
lipophilicity of the factor. 

18 
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9. The method of claim 7 wherein said modification comprises glycosylate 
of the factor. 

10. The method of claim 7 wherein said modification comprises increasing 
the net positive charge on said factor. 



11. 



The method of claim 6 wherein said systemic delivery is by an oral route. 



12. The method of claim 7 wherein said systemic delivery is by 
subcutaneous, intravenous or intramuscular injection. 



in 



13. A method of preventing or reducing degeneration of retinal neurons 
a mammal caused by exposure to light or other environmental trauma 
comprising administering to the mammal, prior to, during or following said 
exposure, a therapeutically effective dose of one or more factors selected 
from the group consisting of leukemia inhibitory factor (LIF), acidic 
fibroblast growth factor (aFGF), bFGF plus heparin, aFGF plus heparin, 
interleukin-1 beta (IL-lfi) and tumor necrosis factor-alpha (TNF-a). 



14. The method of claim 13 wherein said retinal neurons are photoreceptors. 

15. The method of claim 14 wherein said administration is intraocular. 

16 . The method of claim 15 wherein said administration is into the vitreous 
or into the subretinal (interphotoreceptor) space. 
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17. The method of claim 14 wherein said administration is delivered 
systemically. 

18. The method of claim 17 wherein said systemic delivery is by an oral 
route. . 

19. The method of claim 18 wherein said systemic delivery is by 
subcutaneous, intravenous or intramuscular injection. 

20. A method of reducing or preventing degeneration of retinal neurons in a 
mammal having a pathological condition wherein retinal degeneration 
occurs, comprising administering to said mammal a therapeutically effective 
dose of a neurotrophic factor. 

21. The method of claim 20 wherein said pathological condition is retinal 
detachment, age-related or other maculopathies, photic retinopathies, 
surgery-induced retinopathies (either mechanically or light-induced), toxic 
retinopathies, diabetic retinopathies, retinopathy of prematurity, viral 
retinopathies such as CMV or HIV retinopathy related to AIDS; uveitis; 
ischemic retinopathies due to venous or arterial occlusion or other vascular 
disorder, retinopathies due to trauma or penetrating lesions of the eye, 
peripheral vitreoretinopathy or inherited retinal degenerations. 
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22. The method of claim 21 wherein said neurotrophic factor is brain- 
derived neurotrophic factor, ciliary neurotrophic factor, neurotrophin-3, 
neurotrophin-4. or a combination thereof. 

23. The method of claim 22 wherein said retinal neurons are photoreceptors. 

24. The method of claim 23 wherein said administration is intraocular. 

25. The method of claim 24 wherein said administration is into the vitreous 
or into the subretinal (interphotoreceptor) space. 

26. The method of claim 23 wherein said administration is by systemic . 
delivery. 

27. The method of claim 26 wherein said systemic delivery is by an oral 
route. 

28. The method of claim 27 wherein said systemic delivery is by 
subcutaneous, intravenous or intramuscular injection. 

29. A method of reducing or preventing degeneration of retinal neurons in a 
mammal having a pathological condition wherein retinal degeneration 
occurs, comprising administering to said mammal a therapeutically effective 
dose of one or more factors selected from the group consisting of leukemia 
inhibitory factor (LIF), acidic fibroblast growth factor (aFGF), bFGF plus 
heparin, aFGF plus heparin, IL-lp, TNF-a and IGF-2. 

21 
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30. The method of claim 29 wherein said retinal neurons are photoreceptors. 

31 . The method of claim 30 wherein said administration is intraocular. 

32 . The method of claim 31 wherein said administration is into the vitreous 
or into the subre final (interphotoreceptor) space. 

33. The method of claim 30 wherein said administration is systemic delivery. 

34. The method of claim 33 wherein said systemic delivery is by an oral 
route. 

35. The method of claim 34 wherein said systemic delivery is by 
subcutaneous, intravenous or intramuscular injection. 

36. A method of assessing the survival-promoting ability of an agent on 
retinal neurons or photoreceptors comprising 

(i) injecting the agent intravitreally into an albino mammal eye, prior 
to, during, or after exposure of the mammal to continuous light, 

(ii) evaluating the injected eye for degeneration of retinal neurons or 
photoreceptors as compared to a control eye exposed to the same light in the 
absence of injection of the agent; 

wherein decreased retinal degeneration as compared to the control eye 
correlates positively with survival-promoting ability of the agent. 
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37. The method of claim 36 wherein said mammal is a rat. 

38. The method of claim 36 wherein said control eye is in the same mammal 
as the intravitreally injected eye. 
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